Licorne - Mururoa Atoll 
914 kt: 3 July 1970 
French Thermonuclear Test 


Nuclear Weapon Effects to Emergency Responders: EMP, « 


Mark Clemen 


Agenda 


> Nuclear tests (mostly pictures) 

> lonization Cloud Effects on Radio Propagation 
» EMP effects on Electronics 

> Mitigations 

> EMP-like generator effects 


“The Effects of Nuclear Weapons , Compiled and edited by Samuel 
Glasstone and Philip J Dolan, United States Department of Defense, 34 
Edition (1977). 


Nuclear Weapons / Types 


> Small Atom Bombs 

° North Korea: ~ 1 kt 

© US on Japan: ~ 10 kt 
> Tactical Atom Bombs (small compact packages) 

© US Cold War Arsenal: ~ 12-22 kt 

© Strong Nation-state development program required 
> Strategic Atom Bombs 

© 100’s kt 

© Strong Nation-state development program required 
> Hydrogen Bombs (Thermonuclear-, Fusion-, ...) 

° 100’s kt 

° 1 Mt 

© 10 Mt 

° > 10 Mt 

© Strong Nation-state development program required 


World Nuclear Arsenal (2012) 


Status of World Nuclear Forces 2012" 


Operational Operational Reserve/ Military Total 
country Strategic Nonstrategic Nondeployved Stockpile Inventory 
Russia 1,800 0 3,700 5,500 10,000 
United States 1,950 200 2,850 5,000 8,000 
France 290 n.a. ? 300 300 
China 0 ? 180 240 240 
United 160 n.a. 65 225 225 
Kingdom 
Israel 0 n.a. 80 80 80 
Pakistan 0 n.a. 90-110 90-110 90-110 
India 0 n.a. 80-100 80-100 80-100 
North Korea 0 n.a. <10 <10 <10 


Total: ~4,200 ~200 ~7,000 ~11,500 ~19,000 


Background 


>» “1 kiloton = energy equivalent of 1,000 tons of high 
energy explosive 


> Mt St Helens Eruption: ~ 50 Mt (?) 


» Largest non-nuclear man-made explosion in the US: 
° Galveston 1947: > 2.3 kt “bomb” 
° ~600 dead, 3500 injured 


° Changed the way that fertilizer is stored and transported in 
the US 


» Last nuclear explosion: North Korea (<1 kt?) 


How an Atomic bomb works 


>» Nuclear Fission: ~ 200 MeV / fission 
(~3 x 10°41 Joules) 


>» Caused by a neutron absorption 
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other junk) 


» If those two can be captured, then 
those two can cause 2 fissions 


| > Quickly cascades: 1, 2, 4, 8, ..., giving 
300, 400, 1600, 3200 MeV. ... 
pectic senate > There is a critical mass at which it can 
take place on its own 


> H-bomb: deuterium/tritium core in an 
A-bomb 


Past Tests 


First nuclear explosion 
Trinity 

21 kt 

New Mexico, 16 Jul 1945 


(calibration test: 0.11 kt) 


Past Tests 


Past Tests 
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Past Tests 


Operation Greenhouse / George 
225 kt 

Pacific Proving Grounds 

Early 1951 

First thermo-nuclear bomb test 


Operation Redwing 
Hydrogen Bomb 
Bikini Atoll 

20 May 1956 


Past Tests 


Bravo / Operation Castle 
15 Mt 

Bikini Atoll 

28 Feb 1954 


Past Tests 


Romeo / Operation Castle 
11 Mt 

Bikini Atoll 

26 March 1954 


Past Tests - Starfish 


Starfish 

1.4 Mt 
Johnston Island 
9 Jul 1962 


Remnant lonization Cloud 


Diablo Test 
2? kt 

Yucca Flat 
15 July 1957 


Relevant Altitudes: lonization 


> Low altitude 
° Fireball is less than a mile in diameter 


Intermediate altitude (up to 50 miles) 
° Fireball significantly larger 


> High Altitude (> 190 miles) 


° Very long distance effects 


lonospheric Layer Typical Height Typical Effect on Radio 
Propagation 
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D 30-55 Widespread / persistent 
absorption 
Saree Refraction over absorption 
> 95 miles Refraction / long distance 
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Detonation Components 


>» Up to % of the energy yield of a nuke may be expended 
in atmospheric ionization 
» X-rays from detonation 
° Lots of energy 
° Directly ionizes the air 
> Central Fireball 
° Strongly ionized for a short time 
° Dust / Debris leading to radioactive fallout 
° The dust and debris can itself be ionizing to the atmosphere for 
longer period 
> Prompt neutrons 
° Indirectly ionizing 
> Gammas from delayed radioactive decay 


Detonations Below 10 miles 


> Radiation absorbed in the “blanket” of atmosphere 
° Communications and RADAR dead for 10’s of seconds 
° “Radio” Fireball: little propagation through fireball volume for 
minutes; radar may reflect off of it 
> D region largely unaffected 
° May be some remnant ionization due to radioactive 
mushroom cloud 
e Secondary effects to D-layer 
>» E and F layers largely unaffected 


° May be “waves” in refraction due to perturbations in E and F 
layers 


Burst altitude 10 - 40 miles 
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~Spherical Fireball 


> Fireball may be denser than the surrounding air 
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° Initially rises, then falls 

X-ray ionization largely contained to fireball 

Direct ionization may last for several minutes 

Longer range prompt ionization due to neutrons 

Fallout: Persistent ionization due to delayed gamma 
radiation 

° Much more significant impact on D-layer region 

° Beta-radiation impact on D-layer for burst above 35 miles 

US Tests - little LF / MF communication possible for hours 


E and F layer impacts more severe: more ionization, stronger 
refractive waves 


Detonations at 40 - 65 miles altitude 


» X-rays ionize a very large region beyond the fireball 


Spherical fireball quickly “warps’: The geomagnetic field includes the 
location and distribution of the late-time expanding fireball 
° Small yields: fireball rises buoyantly 
° Larger yields: fireball rises with overshoot 
» Long-term impact on D-region, from prompt and delayed radiation 
emission 
° Debris cloud can irradiate the D-region for hundreds of miles 
° lonization in the D-region magnetic conjugate seen 
» US Tests - little LF / MF communication possible “until the next 
morning 
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» E-layer: strong sporadic-E effects, F-layer: strong disturbances 


lonization “Echo” 
burst or debris above 40 miles 


Equator 


Not an “EMP” echo 
But a corresponding increase in ionization 
density, relevant to D, E and F-layer effects 


Detonations > 65 miles altitude 


> No “normal” fire-ball 

» X-rays travel great distances 

> 65-190 miles: apparent fireball may be different from “radio” 
fireball 

» > 300 miles: no atmosphere to contain the fireball, however 
geomagnetic shielding becomes dominant. 
° Strong field deformations early in the detonation 
° Magnetic back-pressure “wins” when fireball has expanded perhaps 

hundreds of miles 

° Some “jetting” of debris due to magnetic instabilities 
© Debris shot downwards will be stopped at altitudes of ~70 miles 

> 65 miles - ...: very wide range D-region ionization 

» Strong ionization effects at the Magnetic conjugate 


Long-Range Propagation Effects 


> lonization in E and F layers is not necessarily 
increased 


© The more debris there is injected then the more likely it 
is that the ionization will actually decrease 


° Acoustic waves in E and F layer ionization may lead to 
“watery” or intermittent propagation 
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STARFISH (1962) 


> 250 miles, 1.4 megatons 

> Big EMP signature 

>» E and F region chemistry changes —- moderate 
decrease in the electron density 

> D region impact - no LF / MF communication 
“until the next morning” 

> “plobby” ionization leads to scattering more than 
refraction 
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What about other Frequencies? 


> Line of sight communications 
° Generally not affected 

° Frequency dependent phase shifts may (strongly) limit bandwidth 
> In general, noise will increase 

° Multi-path, scattering, signal distortion... 
> VLF (to 30 kHz) - very strong affects - can be nearly wiped out 
> LF (to 300 kHz) - ground wave only ok. Sky wave communication strongly 

affected. 
> MF (to 3 MHz) - increased noise, increased attenuation due to D-layer ionization 
> Short wave communication shows the strongest effects 


° HF (to 30 MHz) - increased absorption, degraded long-range communication 
e Possible though that HF communication may still be performed 
e TEAK (D-region detonation) 
e FISHBOWL (high altitude) - not as severe: VHF modes noted to open up 


VHF / UHF / SHF... 


> VHF (to 300 MHz): similar to meteor scatter 


° KINGFISH (submegaton yield in E region): VHF on reduced 
bandwidth for 21 minutes 


° STARFISH-PRIME: no VHF for 30 seconds 
> UHF (to 3 GHz): Few effects 


> Satellite communications 


> Large yield: Effects for 10's of minutes over hundreds of miles; 
small yield: ? 


© Increased noise to nominal absorption in D-region 
© Wide band comm degraded by phase distortion for longer periods 


Electro-Magnetic Pulse (EMP) 


> Malfunction of nuclear test equipment during the 
1950's increasingly led to the consideration of 
nuclear induced Electro-Magnetic Pulse (EMP) as 
a Cause 

> A limited amount of data had been collected 
when above-ground testing was halted in 1962. 

> Simulators developed to study systems impacts 

» Also - an obvious long-range signature of a 
nuclear explosion for monitoring purposes 
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When does it arise? 


* Detonation is powerful enough to accelerate individual ions at the 
wavefront 


* All explosives have an associated detonation-front electric 
current 


* Detonation wavefront drives the lower-mass electrons forward 
faster and farther than the heavier atomic ions 


* Leads to an overall current at the wavefront (non-neutral state 
propagating outward) 


¢ Electron current <> Electro-Magnetic radiation 


0.025 SEC. 100 METERS 
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Nuclear Explosion: no magnetic fields, no 
atmosphere — Spherical 


Perfectly spherical 


No net current 
No Radiation 


No EMP 


Surface Bursts: Not Spherical 


>» Gamma rays from detonation produce ionization 
and charge separation at the wavefront in the air 

» Return currents through the ground produce 
strong above- (and below-) ground pulsed 
magnetic fields 

» Electrical systems within miles are strongly 
affected 
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When does it arise? 


Surface Burst 


Net Current Upwards 
Strong outward Radiation 
Strong EMP 


Strong local Magnetic Field 
Pulsed Magnetic Loop Field 


High Altitude Bursts 
EMP Source Number 2 


» Above 19 miles: upward gamma rays continue to propagate a 
long distance, while downward gamma rays “hit” the atmosphere 

> Creates an ionized “pancake” at 25-30 mile altitude 
Electons in the upper atmosphere “pancake’ region spiral 

Bowser and along earth's magnetic field lines 

This form of EMP tends to have higher frequency components 
(broad “impact”, fast spiral frequencies...) and therefore rises 
faster. 

> This form of EMP is lower strength up close, but “blankets” a very 
large ground area 


° Above 200 miles: It is possible to blanket North America with an EMP 
pulse from a single (H-bomb size) weapon 


Impact on Communications (Equipment) 
—> Waveform shape and system impact 


>» Depends on where the burst is in the atmosphere 


>» Depends on the coupling to the system under 
consideration 


>» Depends on the response of the system under 
consideration 


Waveform Couplin Effect 
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EMP Waveform - “typical” 
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EMP Waveform - “typical” 
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Waveform Spectra 
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| | \\T Givri, D. V. High-Power Electromagnetic Generators: Nonlethal 
UIQ nd Other Applications. Cambridge, MA: Harvard 


Induced Voltages / Currents 
And what to do to mitigate EMP 


» There is nothing magic about EMP - it is just a 
higher amplitude (and higher frequency space) 
lightning protection 

> Look at the Radio/ Comm Equipment 
° Is it shielded? If not —- consider the joys of aluminum foil 

> Look at every line entering / exiting the Equip 


° Any input route may lead to breakdowns in the 
equipment, even domino-effect breakdowns 
° Worse: any input route may lead to re-radiation inside the 


TT, breakdowns 


Induced Voltages / Currents 
And what to do to mitigate EMP 


> Twisted Pair: 
© Avoid it - replace it with coax or tri-ax 
° If you must have it - look at the ends — the end connections 


often form little loops where the twist stops and the connections 
are made: Very Bad 


© Shield it or replace it, especially the end connections 
» Ethernet - glorified twisted pair: Buy the good shielded 
stuff 
> Coax: 
° Do you have loops of it lying on the floor? 
e Safety problem for people walking around 
e Youve just created a good magnetic pick-up on the coax return 
© How is it terminated in the case? (some low-bandwidth stuff isn’t) 


Induced Voltages / Currents 
And what to do to mitigate EMP 


» Mitigations 
° Ferrite cores — loop coax cables through them a few times 
before entering equipment 
° Ferrite cores — loop all low-bandwidth cables through them 
before entering equipment 
° Ferrite cores — loop prime power cord through them before 
entering equipment 
° Antennas 
e Rubber duck antenna? Good for EMP resistance — bad for 
everything else — replace it anyway 
e Input filtering on antenna - consider a “TV” filter on the input - will 
narrow the bandwidth of accepted energy into the comm equipment 


Operational Mitigations 
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Most emergency communication is already VHF / UHF 
Narrow band FM over wideband is preferable 
© Atmospheric frequency dispersion 
» Ring of comm centers about a disaster area 
© The ionization cloud in a small weapon will likely be 
centralized - pass through communication possible buy noisy 
> Consider a range of solutions 
© UHF and VHF mixed communications 
° Satellite Comm as a back-up for station-to-station 


communications (e.g. Seattle to Olympia, or even North 
Seattle to South Seattle) 
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High Power Microwave Weapons 
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HIGH POWER MICROWAVES ON THE FUTURE BATTLEFIELD: 
IMPLICATIONS FOR U.S. DEFENSE 


by 


Robert J. Capozzella, Lieutenant Colonel, USAF 


(17 Feb 2010) 


HPM Weaponry - Russian (proposed) 


i> 


Russian Ranets-E 
(Proposed) 


HPM - Chinese Viewpoint 


IEEE APMC Proceedings (2005) 


Research on High Power Microwave 
Weapons 


Guogi Ni’ Benging Gao* Junwei Lu’ 
1&3. School of Microelectronic Engineering of Griffith University, Brisbane 4122 Australia 
2. School of Electronic Engineering of Beijing Institute of Technology, Bejing 100081 China 


Abstract-This article describes for high power microwave thunder and lighting, the electronic devices is blasted by 
(abbreviation HPM) weapons research from its procedures and — extreme strong electromagnetic pulse through “front door” 
developing trends. In the process of researching, developing = and “rear door” [2]. “Front door” is a path which equipment 


using weapons, we have been seeking a real “multi-purpose” uses to open up towards outside (eo. antennas). Stron 
weapon which is able to — - over = target, suitable in all P P (e.g. ) € 


electromagnetic pulse is directionally guided to the targeted 
equipment to make its operation performance malfunctioned 
or deactivated completely. If the receiving frequency is 
known, via ingenious design, much worse destructiveness can 
be done. “Rear door” means leads. power cables, telephone 
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Figure 11. MOATS Facility Undergoing Testing with an RF Weapon (on right) 


NLW Directed Energy Concepts Ge 
Currently Under Development we 


Radio Frequency Vessel Stopping 


Multi-Frequency Vehicle Stopping 


eg | 


Distribution A: Approved for Public Release; Distribution is unlimited. 8 


Summary — Nuclear, EMP and EMP-like Risks 
to Emergency Communications 


> Nuclear lonization Effects primarily on shortwave 
communications 

> Nuclear EMP: coupling of lower bandwidth signals 
into communications equipment can lead to 
Significant effects 
° Mitigations are well known though not always practiced 

» HPM — High Power Microwave 

> More important than ever 


° Widespread proliferation of micro-controllers everywhere - 
communications readouts and displays, power controller, 


battery chargers, etc... 


